Cu(II) and Zn(II) complexes of N-hydroxyimidazoles were synthesised by reacting simple metal perchlorate salts with the imidazole ligand in alcohol and formulated with a metal:ligand ratio of 1:2. The X-ray crystal structures of five complexes (four Cu(II) and one Zn(II)) were obtained and each showed the two trans, N-hydroxyimidazole ligands forming six-membered, chelate rings with the metal. Both of the NO chelating, neutral N-hydroxyimidazole ligands are in the zwitterion form, with the uncoordinated imidazole imine N atom being protonated and the oxime O atom deprotonated. In the solid state the complexes form hydrogen-bonded supramolecular structures.
Introduction
The imidazole diazole ring is commonly found in highly significant endogenous biomolecules, including biotin, the essential amino acid histidine, histamine, the pilocarpine alkaloids [1] and other alkaloids, which have been shown to exhibit interesting biological activities such as antimicrobial, anticryptococcal, inhibition of nitric oxide synthase, and cytotoxic activities [2] . Several imidazole derivatives, such as cimetidine, etomidate and ketoconazole, are commonly prescribed pharmaceutical drugs [3, 4] . N-hydroxyimidazoles have been reported [5] to possess occidiostatic, anthelmintic, herbicidal, insecticidal, nematocidal, fungicidal and bacteriostatic activities. Antihypertensive activity was observed in some N-hydroxyimidazole-5-methanamine derivatives [6] , and N-hydroxyimidazole-3-oxides have been investigated as reactivators of organophosphateinhibited acetylcholinesterase enzymes [7] . Recently [8, 9] , we have described the synthesis and structures of a number of metal complexes containing bidentate, bis-imidazole ligands. A common structural feature of these ligands is that the two imidazole rings are linked by a single spacer tetrahedral carbon. In the present work, five new Nhydroxyimidazole ligands (Fig. 1) were prepared and these have a direct link between the two heteroxyclic rings (imidazole-imidazole or imidazole-pyridine). The N-hydroxyimidazole ligands were complexed to Cu(II) and Zn(II) centres. Five complexes were crystallographically characterised, revealing that the chelating ligands exist in a novel zwitterion form.
Results and discussion
Cu(II) and Zn(II) complexes of the N-hydroxyimidazoles were synthesised by reacting the simple metal perchlo- (Fig. 3) , with the uncoordinated imidazole imine N atom being protonated and the oxime O atom deprotonated. There are also long axial bonds to the two perchlorate anions and the solvate water molecule makes three hydrogen bonds to the protonated amine, the oxime O atom and to a perchlorate O atom. The two heterocyclic rings within each ligand are titled at 13.8(1)°to one another. There is p-p stacking (Fig. 2b) creating an infinite two-dimensional network sheet structure. The sheets are linked through the hydrogen bonds between the water molecules and the ligands resulting in the formation of channels which host the water molecules (Fig. 2c) .
The three other Cu(II) complexes and one Zn(II) complex all contain two NO chelating zwitterionic N-hydroxy- O À atoms (O2). The Zn(II) ions are six-coordinate, the sixth ligand being a methanol solvate molecule. There is extensive hydrogen bonding network involving the coordinated methanol, the methanol of solvation, the perchlorate anion and the hydrogen of the protonated amine N atom. This three-dimensional coordination polymer structure is shown in Fig. 6c .
To our knowledge, the above five complexes are the first documented examples of N-hydroxyimidazoles tautomerising to form zwitterions upon complexation to a metal ion and, as such, represent a novel class of ligand.
Experimental
Chemicals were purchased from commercial sources and, unless specified, were used without further purification. N-Hydroxyimidazoles were prepared by reacting monoximes with aldehydes and ammonia [10, 11] . Infrared spectra of solids (in a KBr matrix) were recorded in the region 4000-400 cm À1 on a Nicolet FT-IR Impact 400D infrared spectrometer.
1 H NMR spectra were run as solutions in DMSO-d 6 on a Bruker Avance 300 MHz instrument. Microanalytical data were provided by the Microanalytical Laboratory, National University of Ireland, Cork, Ireland. X-ray crystallographic data (Table  3) were collected at 150 K on a Bruker SMART 1000 diffractometer using Mo Ka radiation (k = 0.71073 Å ). The structures were solved by direct methods and refined by full-matrix least-squares on F 2 using all the reflections. All the non-hydrogen atoms were refined anisotropically and hydrogen atoms bonded to carbon were inserted at calculated positions using a riding model. Hydrogen atoms bonded to O or N were located from difference maps and refined with fixed, isotropic thermal parameters, 
